Abstract A charged compact star model has been determined for anisotropic fluid distribution. We have solved the Einstein's-Maxwell field equations to construct the charged compact star models by using radial pressure, metric function e λ and electric charge function. The generic charged anisotropic solution is verified by exploring different physical conditions like, causality condition, mass-radius relation and stability of the solution (via. adiabatic index, TOV equations and Herrera cracking concept). It is observed that the present charged anisotropic compact star is compatible with the star PSR 1937+21. However we also presented the EOS ρ = f (p) for present charged compact star model.
Introduction
The search for theoretical compact star modeling, one of the centerpieces of general relativity, has been a work in progress for over five decades. Over the years the workers in general relativity had been using perfect fluid as a source of stellar structures to form models for compact stars [1, 2, 3, 4, 5, 6, 7] . Later on it was observed that for stars with highly dense core do not yield realistic result with the perfect fluid as their source. It was proposed by Ruderman [8] and Canuto [9] that the stars may have high density ranges, when the nuclear matter has anisotropic features. Consequently fluids with the anisotropy in pressure were chosen as source to depict the stellar models in order to improve the results considerably [10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23] . On the other hand gravitational collapse is one of the most dramatic phenomena in universe. When the pressure is not sufficient to balance the gravitational attraction inside the star, the star undergoes sudden gravitational collapse and physical characteristic of star changes dramatically. The presence of Charged compact objects may avert the gravitational attraction is counterbalanced by the repulsive Colombian force in addition to the a e-mail: baiju@unizwa.edu.om b e-mail:sunil@unizwa.edu.om c e-mail: smitha@unizwa.edu.om arXiv:1611.00320v2 [gr-qc] 20 Apr 2017 pressure gradient. There have been several investigations of compact star models in the presence of an electric field in recent years on the Einstein-Maxwell system of equations [24, 25, 26, 27, 28, 29, 30, 31] . The presence of charge affects values for redshifts, luminosity and maximum mass for stars astrophysics where the gravitational fields are strong are described by solutions of the coupled Einstein-Maxwell system of equations. More over the charged analogues of the said anisotropic models further improved the situation [32, 33, 34] . Lake [3] and Herrera et al. [35] have developed the algorithm for all spherical symmetric solutions corresponding to perfect and anisotropic fluid distribution respectively. Later on Maurya et al. [36] has generalized this algorithm for charged anisotropic fluid distributions. Also, we have given several conditions on physical quantities for constructing the realistic models. Several researchers have been obtained solutions of Einstein's equations in different approaches which can be seen the following recent references [37, 39, 40, 41, 42, 43, 44, 45, 46] Recently Piyali et al. [47, 48] have obtained the anisotropic solutions by taking radial pressure and mass function but both these solutions are unstable at some points inside the star due to anisotropic factor ∆ is negative. However in the present paper a class of more generalized stellar models are developed in same manner by considering physically suitable expressions of radial pressure, charged intensity and to some extent mass function (by choosing e λ suitably). The models so obtained are neatly analyzed subject to adequate physical conditions. We found that the present charged anisotropic solution is stable at every point inside the star. In addition to that we have also provided the EOS for the present compact star which has the form ρ = f (p).
The outline of the paper as follows: In section 2, The Einstein-Maxwell equations has been presented including with spherically symmetric metric. The new charged anisotropic solution is derived by help of e λ , q and pr in sec. 3. We have mentioned the equation of state (EOS), which is most vital one, in sec. 4. However, In sec. 5 the boundary conditions have been applied to determine the constants. The physical features of the models with stability conditions have been discussed in details in Sec.6. At the last we discuss the result with concluding remarks.
2 The Einstein-Maxwell field equations for spherical symmetric anisotropic fluid distribution Let us consider the spherical symmetric metric in curvature coordinates as :
Then the Einstein-Maxwell equations for anisotropic fluid distribution is defined as (by taking G=c=1):
Where the energy momentum tensor (T i j ) and electromagnetic field tensor (E i j ) can be written as:
where u i is the four-velocity as u i = e ν(r)/2 δ i 4 and µ i is the unit space like vector in the direction of radial vector as µ i = e λ(r)/2 δ i 1 , ρ is the energy density, pr is the pressure in the direction of µ i (normal or radial pressure) and p t is the pressure orthogonal to µ i (transverse or tangential pressure). Also, anti-symmetric electromagnetic field tensor F ij satisfies the Maxwell equations
and
where, J i is the four-current vector defined by
where σ is the charged density. 
where q(r) represents the total charge contained within the sphere of radius r, which is defined by
Equation (9) can be treated as the relativistic version of Gauss's law, which gives
In view of metric (1), The Einstein-Maxwell field Eqs. (2), (5), and (7) give the following differential equations as:
−8πT
where the prime denotes differential with respect to r and E = To solve the Einstein-Maxwell equations(11-13), we have considered following metric function e λ(r) and electric charge function q(r) as:
where a and b are parameters with unit of length −2 . Recently Takisa et al. [49] has obtained stellar model PSR J1614-2230 in the quadratic with quadratic equation of state by taking the metric function e λ = (1 + ar 2 )/(1 + br 2 ). However the proposed metric function is also used by Newton et al. [50] in class one. Also the gravitational metric function is singularity free at centre as e λ(0) = 1 and it is monotonically increasing with r. The behavior is shown by fig. (1) . Now we have also considered the electric charged function to solve the system of equations which is given by
For physical validity of solution, The electric charge must vanish at centre and It should be increased with r. This is clear form fig.( 2), the electric charge function is increasing away from centre and it is vanish at centre. The numerical values of q have been shown in table 1. The amount of the charge on the boundary is 2.8605 × 10 20 Coulomb (since the charge on boundary is 2.4535, So for getting the charge in coulomb unit we have to multiply every value by the factor 1.1659×10 20 ). By plugging the value of λ and q into eq. (7), we get the expression of energy density, The density profile has been shown in fig. ( 3), we observed the density is maximum at centre and it is decreasing throughout the star. Now if the electrically charged mass function is denoted as m(r), then it can be written as:
By inserting the value of λ(r) and q(r) into eq. (11), we get:
Since for any physical acceptable models the mass function must be increased with its radial coordinate and it should be zero at centre. As we can see from fig. (4) the mass function is monotonically increasing with r/R and zero at centre. Now our next aim to determine the metric function ν for examining other physical properties of the compact star. For this purpose we will consider expression for radial pressure which is positive finite inside the star and zero at boundary of star. Let us consider expression of radial pressure pr as:
Since pr is zero at r = 5), which shows that the radial pressure is maximum at centre and decreasing away from centre. From Eq. (5) together with Eqs. (8), (9) and (13), we get,
We integrate above equation (20) with respect to 'r', we get the metric function ν of the form as: 
where, A is constant of integration. Let us discuss about the physical behavior of the metric function ν. For any physically acceptable models, Lake [3] has proved in general that the metric function e ν must be increased with r and it should be free from singularity at any point of the star. From the plot (6), the e ν is monotonic increasing with increase of r and it is free from singularity at every point.
Then the tangential pressure p t and anisotropic factor, ∆ = p t − pr, are determined as: 
Since plot for p t is shown in fig.(7) . it is clear from the figure that p t is monotonically decreasing throughout the star. While the anisotropy factor is zero at centre and monotonic increasing away from centre. This features of anisotropy allows to construct more realistic compact objects. The behavior of anisotropy factor can be seen by fig. (8) . The equation of state is an important relation in pressure and density for any realistic matter and it is necessary to provide the equation of state (EOS) ρ = f (p i ) to model of the present charged compact star:
From Eqs. (10) and (13), we get:
where,
.
The above relation (Eq.24) implies that the density is purely function of radial and tangential pressure both. So it may represent an equation of state (EOS) for present charged compact star.
Boundary condition for determining the constants:
To determine arbitrary constants of the anisotropic charged fluid solution we must join the interior of metric (4) to the Reissner-Nordström metric at boundary of the star (r = R). The Reissner-Nordström metric is given as:
The joining of metric condition demands the continuity of e λ , e ν and Q across the boundary r = R, so that
However It is also requires that the radial pressure, pr , should be zero at boundary (continuity of second fundamental form at boundary), so that:
The conditions (20) and (21), give the value of A as: 6 Physical features of the charged anisotropic models:
Causality condition:
For any physical acceptable anisotropic charged fluid models, The speed of sound must be less than the speed of light inside stars. Then it requires to satisfy the following conditions Vr = dpr/dρ < 1 and V t = dp t /dρ < 1. From fig.(9) , we have observed that the radial and transverse speed of sound are always less than the speed of light.
Stability condition:

Adiabatic index:
Heintzmann and Hillebrandt [51] have proposed that neutron star models are stable with anisotropic equation of state if Γ i > 4/3. Also in the Newton's theory of gravitation, it is well demonstrate that there has no upper mass limit when the equation of state has an adiabatic index Γ i > 4/3. The adiabatic index corresponding radial and transverse pressure are defined as:
As we can see from fig. (10) the radial and tangential adiabatic index have values more than 4/3 everywhere inside the star. Then our charged fluid models are stable. 
Herrera Cracking concept:
In the charged anisotropic compact star models, to examine the stability of the model we plot the radial (V 2 r = dpr/dρ) and transverse (V 2 t = dp t /dρ) sound speeds in Fig.11 . It shows that V [52, 53] . Also to discuss about the stability of anisotropic charged compact star whether the anisotropic charged matter distribution is stable or not, we will use the concept of Herrera [52] cracking concept which states that the region is potentially stable where the radial velocity of sound is greater than the tangential velocity of sound.
Tolman-Oppenheimer-Volkoff (TOV) equation:
Let us write the generalized Tolman-Oppenheimer-Volkoff (TOV) equation to examine the stability of the model under stable equilibrium configuration as: where M G is the gravitational mass within the radius r and σ is the charged density, which are defined as: given by 
On inserting the value of M G and σ into above equation, we get
The above TOV equation describes the equilibrium condition for a charged anisotropic fluid subject to gravitational force (Fg), hydrostatic force (F h ), electric charge force (Fe) and anisotropic stress (Fa) so that:
where the explicit form of above these forces can be defined as:
We have shown the figure Fig.13 for the TOV equations. From this plot it is observed that the system is in static equilibrium under four different forces, e.g. gravitational, hydrostatic, electric and anisotropic forces. However, strong gravitational force is counter balanced by the joint action of hydrostatic and electric forces and anisotropic force. Also as we can see that the effect of anisotropic stress has negligible effect to balance this mechanism.
6.3 Maximum limit of mass-radius ratio:
The maximum limit of mass-radius ratio is proposed by Buchdahl[5] for isotropic compact star which satisfy the inequality 2M/R ≤ 8/9. This inequality imply that mass of static isotropic compact star cannot be arbitrary large. Also Bohmer and Harko [54] provided the lower limit of mass-radius ratio for the charged compact star model with Q < M ,
In addition to that the upper bound of the mass of charged sphere was generalized by Andrasson [55] and proved that
Then the range of mass M can be given by the following inequality:
Surface red-shift
Let us write the effective mass for the charged compact star as: Then the compactness factor u for above mass is defined as:
Now the surface red-shift for above compactness u can be written as:
As we can see from the Eq. (40) the surface redshift function dependent on compactness factor u. Since Zr(R) is monotonically increasing with increase of u. Then surface redshift function cannot have any arbitrary values as u is always less than 4/9 (Buchdahl limit). The variation of redshift of the charged anisotropic solution is shown by fig.14 . We observed from this figure the redshift is maximum at centre and minimum at boundary of star. In the present article, we have obtained the charged anisotropic compact star models via radial pressure. The Einstein-Maxwell field equations are solved by using the metric function λ (which is generalized form of earlier work by Maurya et al. [56] ), radial pressure and electric charge function. The obtained generic function ν is physically valid due to its monotonic increasing nature away from the centre and ν(0) = 0. The charged anisotropic solution having the following features: (i). The physical requirements of mass function has been investigated. Recently Lake [3] and Maurya et al. [36] have proved in general the mass function should zero at centre and must have increasing nature throughout from the centre. In present article, the investigated mass function is satisfying above physical requirements (Fig. 4). (ii). The energy density of the models is positive and decreasing away from the centre, which can be seen from Fig.(3) . (iii). The radial pressure at centre is pr(0) = β/8π, which is positive. However it is zero at boundary i.e. pr(R) = pr( .
From the figure 5 , it is observed that pr is decreasing outward and zero on the boundary.
(iv). The metric function e ν and e λ at centre are: e λ(0) = 1 and e ν(0) = A e . As we can observe that both metric functions are positive and non-singular at centre and also both have increasing nature (Figs. 1 and 6 ). (v). The anisotropic factor ∆ = p t − pr always positive inside the star. This implies that p t > pr and the force Fa = 2(pt−pr ) r is directed outward, which allows to the construction of more realistic compact objects [17] . The behavior is shown in Fig.  8 . (vi). It is observed from fig.(9) that the speed of sound is less than speed of light throughout inside the star. However the radial velocity has no monotonic decreasing nature while tangential velocity has monotonic decreasing nature inside the star. (vii). Stability conditions: we have investigated the stability of the charged compact star model via three different ways like Herrera cracking concept, adiabatic index and TOV equations. According to the Herrera cracking concept, the region is potentially stable where the radial speed of sound is greater than the tangential velocity and there is no change in sign of V Fig.(13) that the gravitational force Fg is counterbalance by joint action of hydrostatic force F h and electric force Fe, while the anisotropic stress has negligible effect to balance this system. This implies that our system is in equilibrium stage. (viii). The surface red-shift of the model depends upon the compactness factor u. if the value of compactness will increase then corresponding surface red-shift will also increase. This imply that redshift of the models can not be arbitrary large. The surface redshift of the model is turns out to be Zs = 0.6491 which is good in agreement for present charged compact star models [54, 57, 58] . As the final comment, the author has presented charged anisotropic solution which is representing the known compact star with their observed mass and radius (Table 2) . We have also obtained the equation of state (EOS) for the present compact star model, which is most important physical property to describe structure of any realistic matter. As we can see from Eqs. (24) and (25) the density is purely function of pressers. Hence we conclude that this approach may help to describe the structure of compact star. Thus our present charged anisotropic solution might have some astrophysical application in future.
